ABSTRACT: Electrochemical synthesis of 2-phenylamino-5-(2-chlorophenyl)-1,3,4-oxadiazoles have been carried out in good yields at platinum electrode through the electrochemical oxidation of acyl thiosemicarbazide at room temperature in acetic acid. Two platinum electrodes in the form of square plates were used as working as well as counter electrode and saturated calomel electrode was used as reference electrode. The structure of the compounds was confirmed by IR, NMR, mass spectral and elemental analyses. The antibacterial activity of the derivatives was also assessed and compared with data against a series of Gram-positive Klebsiella pneumoniae, Escherichia coli and Gramnegative bacteria Streptococcus aureus and Bascillus subtilis. The antifungal activity was assessed against the fungal strain Aspergillus niger, Crysosporium pannical, Pellicularia solmanicolor and Candida albicans and compared against the standard antifungal drug Griesvofulvin.
INTRODUCTION
Various 1,3,4-oxadiazole derivatives were reported in the literature to have a broad spectrum of biological activities including such as antibacterial 1,2 , anti-HIV 1 , antifungal 3, 6 , genotoxic 3, 6 , antitubercular 6 , virucidal 7 , antimalarial 8 , insecticidal 9 , herbicidal 10 , analgesic 11 , anti-inflammatory 12 , muscle relaxants 13, 14 , anticonvulsant 15 , sedative 16 , hypnotic 16 , anticancer 17 and lipid peroxidation inhibitors. In the present investigation, a series of substituted 1,3,4-oxadiazole derivatives were synthesized as potential antibacterial and antifungal agents by the electrooxidative synthesis.
The oxadiazole ring systems have a long history of application in pharmaceutical and agrochemical industries due to their activity. On the study of literature it have been found that the methods for amino-5-substituted-1,3,4-oxadiazoles include bromine oxidation of semicarbazide derivative and the cyclodesulfurisation of acylthiosemicarbazide derivative in the solution using I 2 /NaOH or 1,3-dicyclohexylcarbodimide (DCC) as well as mercury (II) acetate [Hg(OAc) 2 ] or yellow mercury (II) oxide HgO. [20] [21] [22] All these methods are usually carried out in various different synthetic steps and requires the heating at high temperature. The handling of these reagents is not only difficult but also very hazardous to the environment. The each stage of the reaction including extraction and purification of the products from the mixture required great precautions. Karen Evans 23 have synthesized a similar cyclized product by the chemical method in which 2-amino-5-substituted-1,3,4-oxadiazoles were prepared by rapid parallel synthesis in efficient one-pot preparation using resin-bound reagents.
The electrochemical oxidation reaction has several merits. These reactions do not require oxidizing reagents and can be performed at room temperature. Application of electricity as a non conventional energy source for activation of reactants in suitable solvents has now gained popularity over the usual homogeneous and heterogeneous reactions. It provides chemical processes with special attributes, such as enhanced reaction rate, higher yield of pure products, better selectivity and several ecofriendly advantages.
During hit to lead efforts following a recent high throughput screening campaign, we initiated the electrolysis of semicarbazone for the synthesis of 2-amino-5-substituted-1,3,4-oxadiazoles at the platinum electrode as a green synthesis. Later on, it have been found out from the literature that the activity of the oxadiazoles can be enhanced if the amino group is also substituted by an alkyl, aryl or acyl group. Keeping this observation in view and in continuation of our research on the synthesis of heterocyclic compounds containing nitrogen and oxygen with expected biological activity, this paper presents the synthesis of several derivatives of 2-phenylamino-5-(2-chlorophenyl)-1,3,4-oxadiazoles which contain phenyl moiety and the study of their antibacterial and antifungal activity. General procedure for the synthesis of 2-Nphenylamino-5-(2-chlorophenyl)-1,3,4-oxadiazol (1a-l). Arylthiosemicarbazide 4, 4a (1000 mg, 3.27 mmol) and LiClO 4 (106 mg, 0.67 mmol) were dissolved in acetic acid (100 ml) to prepare the reaction mixture for electrolysis.
EXPERIMENTAL
Electrolysis. Preparative scale controlled potential electrolyses [21] [22] [23] [24] [25] [26] [27] [28] [29] were performed at room temperature in 250 ml three-electrode cell assembly with platinum plate (1.0 cm x 1.0 cm) as working as well as counter electrode and saturated calomel electrode (SCE) as reference electrode. Magnetic stirrer was used for the proper mixing of reaction mixture.
All the electrolysis experiments were carried out at their corresponding oxidation potentials and were completed in 3 to 5 hrs. After which no oxidation product was seen to diffuse in the bulk. All the products were solid and colored and entirely different from the starting compound. The current potential data was recorded with the help of a potentiostat at the interval of 15 min as depicted in table 1. Approximately 4.5-6 Fmol -1 quantity of electricity was passed for the electrolysis which is very small in comparison to energy used in other conventional methods.
Extraction. The products were extracted from the acetic acid solution to chloroform layer after diluting reaction solution with double distilled water by the simple solvent extraction technique. Twoimmiscible layers of acetic acid containing water and chloroform were shaken in a seperatory funnel and allowed to settle down. After some time the chloroform layer containing the product oxadiazole, was removed. The extracted chloroform layer was evaporated with the help of rotatory evaporator and collected while the product oxadiazole 1 remain in flask, were obtained in the excellent yield. The purity of the compounds oxadiazoles have been checked by the TLC. Methylphenyl)amino-5-(4-N,N-diethylaminophenyl)-1,3,4-oxadiazole (1k) 
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Antimicrobial activity.
All the title compounds were tested for their antibacterial and antifungal activities by utilizing the disc diffusion method. 30, 31 Whatman No.1 filter paper discs of 6 mm diameter, placed in a petri dish, were autoclaved. The test compounds in measured quantities (1.0 mg, 0.5 mg) were dissolved in 5 ml of dimethylformamide to produce 200 ppm and 100 ppm solutions, respectively. The filter paper discs were allowed to dry and the amount of the substance per disc was taken as 500 and 250 µg. The bacterial (24 hrs) and fungal (48 h) cultures from the slants were diluted with sterile water and mixed thoroughly to prepare a clear homogeneous suspension. These suspensions were uniformly spread on solidified agar (nutrient and potato dextrose agar) medium. The filter paper discs prepared from dimethylformamide medium were carefully placed over the spreaded cultures and incubated at 37 0 C for 24 h for bacteria and at 28-30 0 C for 48 h for fungi. Paper discs treated with dimethylformamide alone served as control. After the incubation period the plates were examined for inhibition zones. The diameters of inhibition zones (including the diameter of the disc) were measured. All determinations were made in triplicate for each of the compounds and the average value was taken.
RESULTS AND DISCUSSION
A novel series of 2-phenylamino-5-(2-chlorophenyl)-1,3,4-oxadiazoles (1a-l) have been synthesized in good yields using the synthetic route outlined in scheme 1 and scheme 2. IR, 1 H NMR, 13 C NMR and mass spectral data are in agreement with the proposed structures of all synthesized compounds.
Scheme 1
In the IR spectrum of 2 showed broad stretching bands at around 3335 and 3278 cm -1 due to amine/amide NH while strong stretching band at 1615 cm -1 was attributed to amide carbonyl. 1 H NMR spectrum showed a singlet at  4.51 and 9.81 which were accounted for NH 2 and NH which disappeared on D 2 O exchange. The four protons of phenyl moiety resonated as multiplets at  6.68-7.90. The mass spectrum of 2a showed a molecular ion peak at m/z 170.5 which confirmed its molecular weight.
In the IR spectrum of 4 displayed broad stretching bands at around 1632 cm -1 for carbonyl and 1265 cm -1 for C=S bonding. 1 H NMR spectrum showed a singlet at  10.60-11.96 which were accounted for NH. The four protons of phenyl moiety resonated as two doublets at  7.67 and 7.89 while five aryl protons show the multiplets at  6.96-7.25. The mass spectrum of 4 showed a molecular ion peak at m/z 305.5 which confirmed its molecular weight. Table 3 . Antifungal activity of the compounds (1a-1l).
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A. niger (μgdisc The compounds (1a-1l) were screened for their antifungal activity against Aspergillus niger, Crysosporium pannical, Pellicularia solmanicolor and Candida albicans species along with the standard fungicide Griseofulvins 1a-1l (Table 3 ). The disc diffusion method was followed for screening the compounds at three concentrations (25, 50 and 100 ppm). The screening results showed that all the compounds displayed good antifungal activity. However, compounds 1a, 1d, 1g and 1j showed approximately equal or greater antifungal activity for different strains when compared with the griseofulvin.
The antimicrobial activity of the compounds varied upon the type and position of the substituents at 5-substituted-2-amino-1,3,4-oxadiazole moiety. It can be concluded from the antimicrobial screening results that when 5-substituted-2-amino-1,3,4-oxadiazoles were substituted with aryl halide the antimicrobial activity was altered to an appreciable extent.
